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TheresultsoftestsmadeintheLangleygusttunnelon-a45° swept-
forward-wingmodelshowthattheacceleraticmincrementobtdnea in a gust
canbesatisfactorilypredictedframa slopeoftheliftcurveobtained~
multiplying.the”slopeoftheliftcurveoftheequivalentstraightwing~
thecosineoftheangleofsweepandbyusingstriptheorytoestimateW
penetrationeffect.

INTRODUCTION‘

SincemanyofWe aerodynamiccharacteristicsofsweptwingsappear.
tobeaboutthessmeforequalimountsofsweepbackorsweepforward,the
methodofpredictionofgustloadsforairplaneswithsweptbackwingsas
presentedinreference1 wasbelievedtobeequaUyapplicable-toair-
planeshawingsweptforward*S. Accordingly,testsweremadeinthe
Lapgleygusttunnelona modelwithw@s sweptforwsxd450. A comparison
ofthetestsresultsismadewiththeresultsofcalculationsmadebythe
methodofreference1. Theproblemsconsideredaretheselectionofa
slopeofthewimg-Mftcurveand.thedeterminationoftheeffectofthe
-a- penetrationofa sweptwingintoa gust.

# APPARATUSMD TESTS.

A photographoftheskeletanmodelUsedinthetestsisshownas
figure1 ma a line plan-viewdrawingisshowninfigure2. Thecharac-
teristicsofthemodelandthetestconditionsarelistedinthefollow-
ingtable:
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Weight,W,pouuds...0.s.=s....=.=.”=.=s..=”=.●00=.O=OOOOOOOOOOEOOO
W@srea,oS,squsrefeet..................................... 5.(X)
Wingloading,W/S,PO~~ Rers9~e foot●oo=o*=o=D==o*=**=o==2@
Span,b,feet..........● ...*●..●*...● ● ...● ...s.●O9*● ● ●0● 0● ● 9.● . 4.24
Aspectratio,b2/S............................●..*............. 3.00
Chordlengthsmeasuredparallelto_plane‘ofsymtue~:
Meangeometricchord,feet..................................1.425
Rootchord,Cs,feet....●....0...0.....0...● ● ....● .*..●..*.0 1.90 !.
Tipchord,et,feet....0...● ..●..● .0● ● ...● .0.0.0.0●0.● ..●0●0 .0.95

Taperratio,Ct/cs............................................ 0.5
Sweepangleofhalf-ghofitie, Wgrees● “===”====”s””=O”OOO----45
Slopeof-theliftcurvedeterminedbyforcetests,perradian. 2.66
Slopeoftheliftcur?edeterminedlygmltiplyinglift-curve

Islopeofequivalent13trai@twingbycosineofsweep!
.~e. ~r=~~ . ......................................... 3.12” ‘

~en~r-of-P~~ position,percentmeangecmmtricchbrd●===”:39*O
Gustveloci@,U,feetpersecond............................. 10
Forwerdvelocity,V,tilesperhour...s===o~o.=.0~0.00=0so.=0060

Theslopeoftheforce-testliftcurveincludedinthetablewasobtained
fromtestsmadeintheLangley.free-fli@ttunnelonthemodelwiththe,
tailoff.Thecenter-of-gravitypositionwascalculatedtogivethes--
staticstabilityasthatofthemodelsofreference.1.

.

Thewingoftiemodelyas.derivedfromthatofthestraight-wing
modelofreferencel-~ rotating-thestraightwingaboutthehalf-chord
pointatthgplaneofsyme~ sothattheconstsnt-lengthhAH-chord”
linemovedforwardthrough* angleof45°. h“order to provide space
forbatteriesandtheaccelerometerinthewingofthemodel,thecenter
sectionhassmoothbulgesprojecting-frcmthetopandbottomsurfaces.
Thethicknessatthecentersectionisthereforeaboutdmiblethethick-
nessthatthewingwouldhavewithoutthebulges.

Thegusttunnelanditsequipnentaredescribedinreferences1 and.2.
Thegustprofileusedinthetestsisshowninfigure3 astheratio
oflocalgustvelocitytoaveragemaximumgustveloci~asa functionof
thepenetrationinmeenwingchordsof.themodel.

Testsof-thesweptforward-wingmodelconsistedof10flightsofthe ,
.

modelata forwardveloci~of~ milesanhourthrougha sl@rp-edgegust
of10feetpersecond.Measurementsofthefox speed,gustvelocity,
normal-accelerationincrement,endpitch-angleincrementweremadeduring
eachflight.
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The measuredquantities“areest-tedtobeaccuratewithinthefol-
lowlnglimitsforanytestorrun:

Accelehtionincrement,&, g undts................*..*.........*o.05
I?orwardveloci~,V,feetpersecond......*.*..............0.....”.*O.3
Gustvelocity,U,feetpersecond....*....*...................0. “*o.1-
Pitch-an@elncremat,AS,degrees -........*.● .....0............. .*O.1

h aIIYgivenflight,-r -iatim titiela~~ speedoratti-
tudeofthemodelintroduceexliraueouspitchingmotionswhichcauseerrmm
intheacceleration’increment.Itisnotpossibleatpresentto61iminati
sucherrorsbymeansofcorrectionstothedak● Consideratimof~
factorsindicatesthattheresultsfrcmrepeatflightsShtiahavea dis-
persionofnotmorethan*O.05gfora sharp-edge gust. Similar considem
tions hdicate -t the dispersionshouldnotexceed*O.lgwhm tiere-.
sponsestothesharp-e-gustarebuiltuptorepresenttheresponsesto
a gwt witha gradi~tdistanceof9 chor*●

Rl!StjLTS

Recordsforallflightswereev&hatedtoobtainhistoriesofthe
nomal-accele=tionincrementandpitch-angleincrementduringtraverse
ofthegust.Representativehistoriesofresultsfortestsinthesharp-
edgegustareshowninfigurek(a).Theaccel.ez73tionincrement.Au and
pitch-angleIncrement& areplowed-t thedistanoeoftheairplane
centerofgravl~inmem chordsfromtheleadingedgeofthegust-tunnel
testsection.

‘.
Historiesofeventsfora gustforwhichthevelocityincreased

linearly from zerotoamaximumvalueina horizontalorgradientdis-
tanceof9 chordswereobtainedbybuildingupbysuperpositionthe
historiesobtainedinthesharp-edgegmt ~er theasfi~tionthatthe
sharp-edgegustcouldbeconsideredtobea unitjmqptypegust
(reference3). Thegradientdistanceof9 chordswas* maximmnthat
couldbeobtained,s5ncethemethodisIlmitedbytheextentofthe .
originalhistories.Thegradientdistanceof9 chordsis,however,in
therangeofgradientdistancesconsideredimportantforthedesiguof
anairplane.Saniplehistoriesoftheresponsestoa gustwitha grad-
ient&Mtanceof9 chordsareshowninfigure4(B)●

Themaximumacceleraticmincrementsweredetezmdndfia eachtime
historyofaccelerationincrement..Sincethevaluesofforwardspeed
andgustvelocityvariedslightlybetweenflights,eachmaximumacceler-
ationincrementwascorrectedtoa forwardspeedof60milesanhourand
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to a gustveloci~of10feet’persecondontheassumptionthatthe
accelerationincrementisdtrectlyproportimaltoforwsrdspeedaud

)

gustVelocitg.TheavezagesofthecorrectedmaximdQaccelerationin- “
crementsforeachgustshapearepresented.intible1..

c41LcuIATIom

Calculationsto~edicttheresponseofthesweptforward-wingmodel
tothetestgustweremadeaccordingtothemethOasetforthinreference1.
Asinreferenc61,theunsteady-liftfunction~g forpenetrationof .

a sharp-edgegustandthefunction~ fora suddenchangeofangle.of .,
attackareh thefo~ ofratiosoftheliftcoefficientatsnydistance
totieMft coefficientafteraninffnitedistancehasbeentraversed.
Thefunctimswere6btainedfromthecurvesofreference4 forinfinite
aspectratioandthe @g functionwasmodifiedbystriptheorytotake ‘
intoaccountthegradualpen&ation’ofth8swept-forwardwhg intothe
gust. The ~ curveandtiemo.tified~g curve em showninfigure
5intermsofchordle@hs ofthetestmodel.I?orpurposesofcompar-
isontie~~f ied CL= curveisalsoshowninfigure5. Twoslopes
oftheliftcurvewerefied;onewasthatofthestraight-wingmodelof
reference1multipliedbythecosineoftheangleofsweependthesecond
wastheslopedeterminedfrcimforcetestsmadeundersteady-flowcondit-
ions. Themaximumaccelerationincrementsdeterminedbyuseofeachof
theselift-curveslopesereincludedintable1.

DISCUSSION‘

Asinthecaseofthegust-tunneltestsofthe450sweptback-wing
modelreportedinreference1,examinationoftheresultspresentedin
figure4 showsthatappreciablepitchingmotionispresentatthettie
ofmaximmaccelerationincrementforboththesharp-edgegustandthe
9-chord-gradient-tistancegust.Sincethecalculationstopredictwe
responseofthesweptforward-wingmodeltothesegustsweremadeonthe
assumptionofnopitchingmotion,thetestresultswerecorrectedby the
approximatemethOausedinreference1. Theexperimentalresultsreduced
tozeropitchareincludedintable1.

Theexperimentalresultsreducedtozeropitchareccmparedwiththe
calculatedre&ltsintable1,andtheresultscalculatedfromtheslope
oftheliftcurvederivedbythecosinelawarefoundtobeinexcellent
agreementwithexperiment.Themethodofreference1 isthusI.naicatea
tobeequellyapplicableforthepredictionofgustloadsonsweptfo~a
orsweptbackwings.SiIIKLUU-ly,ah.ilatims m whichthesteady-flow
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slopeoftheliftcurveisusedgiveresultslowerthenexper~t.
Thesameconclusions,therefore,canbedrawnforthesweptforward
wingasweredrawnforthesweptbackyinginreference1;nemely,the
maximumaccelerationincrementexperiencedtia gustbya sweptfo~d-
wingairplanedependson.(1)theslopeoftheliftcurveoftheequiv-
alentstraightwingniultipliedbyothecosdneoftheangleofsweep
ratherthenonthesteady-flowslopeoftheliftcurveand(2)the
effectofthegradualpenetrationofthegustontheunsteady-liftfunbtion.
Itmightbenotedthatforthe45°sw,eptwingstestedthemoreelaborate
expressioninreference5 forthedeterminationoftheslQpeofthelift
curveofsweptwingsbasedonpanelappectratioyieldsthesameslopeof
theliftcurveasthecosinelaw. Itisnotknownatpresent,however,
whetherthesimplified-cosine-lawmethodofdeterminingtheslopeofthe
liftcurvewillbeapplicableforthepredictionofgustloadsonwings
havinga pemelaspectratiothatdiffersframthosetested.

Thed&a oftable.I in~catethat.thepitchingmotioni&measesthe
accelerationincremmtabout10percenth thesharp-edgegustandabout
14percentinthegustwitha gradientdistanceof9 chords.Sinceanin-
creaseofabout10pexentwasfoundforeachgustshapefortheswept-
back-wingmodelofreference1,theeffectofpitchingmotionontheacceler-
ationticrementappearstobeaboutthesameforequalamountsofsweep-
back.orsweepforw&d.

Theresultsofthepresentinvestigationwerecompuedwiththose
forthesweptback-wingmodelofreference.1 byadjustingtheresultsto
representthesametestconditions.Thecomparisonshowedthatthegust
loadonthesweptforwardwingwasabout9 percentgreaterforeachgust ,
shapethanonthesweptbackwing.Thisdifferencewas~edictedby
aRalYsisanditappearsthattheprticipalreascmisthatthepenetration
effectforthesweptforwardwingusedislessthanthatforthesweptback
wingbecauseof,thewingtaper,sincetheleading-edgesweepofthe

i sweptforwardwingislessthanthatofthesweptbackwing.

colwmJlmGREMARKS
‘\

Excellentagreementwasobtainedbetweenexperimentaldataand
calculatedresultsfortherespcmseofthe45° sweptforward-wing
modeltogusts.Sinceshnilarresultshadpreviouslybeenobtained
forsweptbackwipgs,tid.icationserethatthemaximumacceleration
incrementexperiencedina gustbya swept-wingairplanedepends .
on (1)theslopeoftheliftcurveoftheequivalentstraightwing
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multiplied”bythecosineoftheangleofsweepratherthanontie
steady-flow.sloyeoftheliftcurveand(2)theeffectofthegradual
penetrationofthegustontheunsteady-liftfunction.

LengleyAeronautical.Laboratoq
NationalAdvisoryConmitteeforAeronautics

LangleyField,Va.,July23,1948
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Gradient Experimental.
distanoe
(Ohom) (g Unlta)

Erp3rmental ~ Calculated +

reduoed to z“mo (Jy.6My) ~

(gpiss) “
cosine-law “ Stea&y-fl.&

slope elope

1.07 1.09 0.93

.89 .91 .78
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.Figure2.- P* form“of45°sweptfo~ard-wingmodel.
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Figure4.- Representativehistoriesofeventsintestgusts.
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